Introduction
Heat transfer to a growing boiling bubble at a plane wall is complicated because of a microlayer between vapor and solid, convection and diffusion and the interaction of flow and heat transfer in the wall. However, typical bubble growth histories [1] and heat flow rate histories [2] are known from experiments. This allows to decouple the growth of a vapor bubble from its effect on temperatures and to consider the bubble as a distribution of heat sinks. One of the important issues to be addressed is the extent to which turbulent fluid velocity fluctuations affect bubble growth. Here, this is investigated by means of DNS of turbulent flow and heat in the presence of a bubble. The geometry is a plane channel, where on both walls a heat flux is supplied. The temperature is split into a periodic part and a part which varies linearly with streamwise coordinate and matches the energy supplied at the walls.
Numerical method
The Navier-Stokes equation and the heat equation for the temperature of the fluid and of the wall are solved by a spectral method, consisting of a Fourier-Galerkin method in the two periodic directions and a Chebyshev collocation method in the wall-normal direction. Integration in time is second-order accurate. A vapor bubble is created at a position on the wall where the temperature first exceeds a preset value. From that time onwards the bubble starts growing and subtracts energy from both fluid and wall, in a ratio that is prescribed (2:1) as measured in a dedicated set-up in our laboratory [2] . Also the bubble radius history is based on measurements. The bubble is simulated by heat sources of equal strength distributed over a line in y-direction, that ends where the top of the bubble at that time is situated. In the wall, equal heat sinks at three neighboring collocation points in y-direction are employed. The results show that during the time of growth of a bubble the velocity and temperature near the bubble site hardly change, see Fig.1 , and that the velocity length scales exceed those of the temperature, because of the Prandtl number exceeding 1. Moreover, where velocity is low, temperature is high. Temperature variations at the bubble site due to convection are negligible, and diffusion would control heat transfer to the bubble interface if it would be stationary. Figure 2 shows that the liquid near the bubble is cooled by heat consumed for evaporation, whereas further away temperature is constant during bubble growth. Diffusion of heat to the bubble is barely visible in this (y-)direction, since penetration depth due to diffusion is too small. The isotherms in the fluid are shifted because of the growth of the bubble. The isotherms in the wall are shifted because of heat extraction for y/H < 1.02 and because of diffusion of heat further away in the wall. Temporal changes in temperature due to diffusion of heat are controlled by the Fourier number, a given isotropic heat sink located at the wall can be estimated to be about 3 √ 4αt, and diffusion is therefore clearly visible in the wall. Note that in our simulation of a bubble, twice as much heat is taken from the fluid than from the wall. The temporal variation of temperatures near the bubble site and near the wall is relatively small since the bubble was initiated at a spot of high temperature that corresponds to a low velocity. If the thermal properties of the fluid and the wall would be selected differently, such that the α-ratio would change, similar observations could be made. However, the ratio 2 of heat taken from the fluid to that taken from the wall would probably need to be selected differently as well, and no data exist to support the choice. If the wall thickness would be decreased to about the diffusion penetration depth in the wall, a further spread in flow direction of isotherm changes would be found.
The main conclusion is that turbulent fluctuations hardly affect heat transfer to a boiling bubble when bubble-bubble interaction at neighboring sites can be ignored. This observation does not depend on the Reynolds number, but turbulent stresses might affect the forces involved in bubble detachment.
